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Description
Technical Field

[0001] The disclosure relates to a display panel and a
display device employing the display panel.

Background Art

[0002] Recently, micro light emitting diode (LED) dis-
play panels using micro-LED elements have been ac-
tively developed. Such micro-LED display panels may
be used in ultra-small projectors based on the self-emis-
sion characteristics of micro-LED elements or may be
used to provide a virtual image on near-eye display de-
vices, such as head-mounted displays (HMD) for aug-
mented reality (AR)/virtual reality (VR).

[0003] To increase the pixels per inch (PPI) of micro-
LED panels, in addition to a pick and place method of
transferring individual LED chips, methods such as hy-
brid integration and monolithic integration using flip-chip
bonding, etc. have been studied.

[0004] In addition, color conversion technology using
quantum dot (QD) has been developed to increase the
color reproducibility of micro-LEDs.

Disclosure
Technical Solution

[0005] Accordingtoanaspect,adisplay panelincludes
a substrate, a first subpixel array including first subpixels
arranged in a first region on the substrate and forming a
first primary color image, a second subpixel array includ-
ing second subpixels arranged in a second region on the
substrate and forming a second primary colorimage, and
a third subpixel array including third subpixels arranged
in a third region on the substrate and forming a third pri-
mary color image. The first region, the second region,
and the third region are configured to be spatially sepa-
rated and neighboring side by side on a same surface of
the substrate, and the first subpixels, the second subpix-
els, and the third subpixels are grouped by a same pri-
mary color and respectively patterned as the first subpixel
array, the second subpixel array, and the third subpixel
array in the first region, the second region, and the third
region, respectively.

[0006] In an embodiment, an interval between the first
subpixel array and the second subpixel array and an in-
terval between the second subpixel array and the third
subpixel array may be the same as pitches of the first
subpixels, the second subpixels, and the third subpixels.
[0007] In an embodiment, a first interval between the
first subpixel array and the second subpixel array and a
second interval between the second subpixel array and
the third subpixel array may be greater than pitches of
the first subpixels, the second subpixels, and the third
subpixels.
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[0008] In an embodiment, each of the first subpixels
may include at least one first primary color light emitting
element, each of the second subpixels may include at
least one second primary color light emitting element,
and each of the third subpixels may include at least one
third primary color light emitting element.

[0009] In an embodiment, the first primary color light
emitting element, the second primary color light emitting
element, and the third primary color light emitting element
may be a red micro-light emitting diode (LED) element,
a green micro-LED element, and a blue micro-LED ele-
ment, respectively.

[0010] In an embodiment, the first primary color light
emitting element may include an excitation light micro-
LED element and a first primary color conversion layer
provided on the excitation light micro-LED element, ab-
sorbing excitation light emitted from the excitation light
micro-LED element, and emitting light of a first primary
color. The second primary color light emitting element
may include an excitation light micro-LED element and
a second primary color conversion layer provided on the
excitation light micro-LED element, absorbing excitation
light emitted from the excitation light micro-LED element,
and emitting light of a second primary color.

[0011] In an embodiment, the excitation light may be
a blue light, the first primary color conversion layer may
include first quantum dots absorbing the blue light and
emitting red light, and the second primary color conver-
sion layer may include second quantum dots absorbing
the blue light and emitting green light.

[0012] In an embodiment, the first primary color con-
version layer may include a plurality of first quantum dot
layers with different first quantum dot densities.

[0013] In an embodiment, among the plurality of first
quantum dot layers, a first quantum dot density of an
upper layer may be less than a first quantum dot density
of an upper layer.

[0014] In an embodiment, the excitation light may be
ultraviolet light, the third primary color light emitting ele-
ment may include an ultraviolet light micro-LED element
and a third primary color conversion layer provided on
the ultraviolet light micro-LED element, absorbing ultra-
violet light emitted from the ultraviolet light micro-LED
element, and emitting blue light.

[0015] In an embodiment, the third primary color con-
version layer may include third quantum dots absorbing
the ultraviolet light and emitting the blue light.

[0016] In an embodiment, the first primary color light
emitting element may further include afirstdichroic mirror
layer provided on the first primary color conversion layer
and reflecting excitation light passing through the first
primary color conversion layer to the first primary color
conversion layer.

[0017] In an embodiment, the first primary color light
emitting element may further include a second dichroic
mirror layer provided between the excitation light micro-
LED element and the first primary color conversion layer
and reflecting light of a first primary color converted by
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the first primary color conversion layer and directed to-
ward the excitation light micro-LED element to the first
primary color conversion layer.

[0018] In an embodiment, reflective partitions may be
provided between the first primary color light emitting el-
ement, the second primary color light emitting element,
and the third primary color light emitting element.
[0019] According to another aspect, a display device
includes a display panel, and a combining optical system
configured to combine a first light corresponding to a first
primary color image output from a first subpixel array of
the display panel, a second light corresponding to a sec-
ond primary color image output from a second subpixel
array, and a third light corresponding to a third primary
color image output from a third subpixel array. The dis-
play panel includes a substrate, a first subpixel array in-
cluding first subpixels arranged in a first region on the
substrate and forming a first primary color image, a sec-
ond subpixel array including second subpixels arranged
in a second region different from the first region on the
substrate and forming a second primary colorimage, and
a third sub-pixel array including third subpixels arranged
in a third region different from the first region and second
region on the substrate and forming a third primary color
image combined with the first primary color image and
the second primary colorimage to form a full-colorimage.
[0020] In an embodiment, the combining optical sys-
tem may be an image combiner configured to combine
and guide the first light, the second light, and the third
light to a user’s eye motion box.

[0021] In an embodiment, the image combiner may in-
clude at least one waveguide, a first input coupler, a sec-
ond input coupler, and a third input coupler respectively
located opposite to the first subpixel array, the second
subpixel array, and the third subpixel array and coupling
the first light, the second light, and the third light to the
atleast one waveguide, and an output coupler outputting
the first light, the second light, and the third light from the
at least one waveguide to the user’s eye motion box.
[0022] In an embodiment, the at least one waveguide
may include a first waveguide, a second waveguide, and
a third waveguide respectively guiding the first light, the
second light, and the third light, and the firstinput coupler,
the second input coupler, and the third input coupler may
be respectively provided in the first waveguide, the sec-
ond waveguide, and the third waveguide.

[0023] In an embodiment, among the first waveguide,
the second waveguide, and the third waveguide, the sec-
ond waveguide may not have a region facing the first
sub-pixel array, and the third waveguide may not have a
region facing the first sub-pixel array and the second sub-
pixel array.

[0024] In an embodiment, the display device may be
a virtual reality device or an augmented reality device.
[0025] In an embodiment, the combining optical sys-
tem may include an X-cube prism configured to couple
paths of the first light, the second light, and the third light,
and a plurality of reflective members configured to
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change the paths of the first light, the second light, and
the third light toward the X-cube prism.

[0026] In an embodiment, the combining optical sys-
tem may include a first lens, a second lens, and a third
lens configured to project the first light, the second light,
and the third light to overlap on one screen.

Description of Drawings
[0027]

FIG. 1 is a plan view schematically showing a pixel
layout of a display panel according to an embodi-
ment.

FIG. 2 is a side view of a display panel according to
an embodiment.

FIGS. 3A to 3E are diagrams illustrating a process
of manufacturing of a display panel according to an
embodiment.

FIG. 4 is a side view of a display panel according to
an embodiment.

FIGS. 5A to 5F are diagrams illustrating a process
of manufacturing adisplay panel according to anem-
bodiment.

FIG. 6 is a plan view schematically showing an ar-
rangement of subpixels of a display panel according
to an embodiment.

FIG. 7 is a side view of a display panel according to
an embodiment.

FIG. 8 is a side view of a display panel according to
an embodiment.

FIG. 9 shows a schematic structure of adisplay panel
according to an embodiment.

FIG. 10 is a side cross-sectional view schematically
showing a structure of a monochromatic micro light-
emitting diode (LED) element according to an em-
bodiment.

FIG. 11 is a graph showing a relative radiant flux
emitted from a monochromatic micro-LED element
according to a mean free path (MFP) of a lower layer
when a color conversion layer of the monochromatic
micro-LED element is a double layer (thickness of
10 wm/10 wm) according to an embodiment com-
pared to a comparative example in which a color
conversion layer is a single layer.

FIG. 12 is a graph showing a relative radiant flux
emitted from a micro-LED element according to an
MFP of a lower layer when a color conversion layer
of the monochromatic micro LED elementis a double
layer (thickness of 2.5 um/2.5 um) according to an
embodiment compared to a comparative example in
which a color conversion layer is a single layer.
FIG. 13 is a side cross-sectional view schematically
showing a structure of a monochromatic micro-LED
element according to an embodiment.

FIG. 14 is a side cross-sectional view schematically
showing a structure of a monochromatic micro-LED
element according to an embodiment.
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FIG. 15 schematically illustrates a display device ac-
cording to an embodiment.

FIG. 16 schematically illustrates a display device ac-
cording to an embodiment.

FIG. 17 schematically illustrates an augmented re-
ality device according to an embodiment.

FIG. 18 schematically illustrates a display device ac-
cording to an embodiment.

FIG. 19 schematically illustrates a display device ac-
cording to an embodiment.

Mode for Invention

[0028] Hereinafter, embodiments of the disclosure will
be described in detail with reference to the accompanying
drawings such that one of ordinary skill in the art may
easily implement the disclosure. However, the disclosure
may be implemented in various different forms and is not
limited to the embodiments described herein. Also, in the
drawings, parts irrelevant to the description are omitted
in order to clearly describe the disclosure, and like refer-
ence numerals designate like elements throughout the
specification.

[0029] All terms including descriptive or technical
terms which are used in embodiments of the disclosure
should be construed as having meanings that are obvi-
ous to one of ordinary skill in the art. However, the terms
may have different meanings according to the intention
of one of ordinary skill in the art, precedent cases, or the
appearance of new technologies. Also, some terms may
be arbitrarily selected by the applicant, and in this case,
the meaning of the selected terms will be described in
detail in the detailed description of the embodiment.
Therefore, the terms used in the disclosure should not
be interpreted based on only their names but have to be
defined based on the meaning of the terms together with
the descriptions throughout the specification.

[0030] As used herein, the singular forms are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. In addition, when a part "in-
cludes" a certain element, the part may further include
another element instead of excluding the other element,
unless otherwise stated.

[0031] In the disclosure, a 'primary color’ refers to a
monochromatic color that may be mixed to form a full
color such as red, green, and blue.

[0032] Hereinafter, the disclosure will be described in
detail with reference to the drawings.

[0033] FIG. 1is a plan view schematically showing a
pixel layout of a display panel 100 according to an em-
bodiment.

[0034] Referring to FIG. 1, the display panel 100 in-
cludes first subpixels 131, second subpixels 132, and
third subpixels 133 provided on a substrate 110.

[0035] The substrate 110 may be any one of a glass
substrate, a flexible substrate, and a plastic substrate.
The substrate 110 may include a thin film transistor (TFT)
layer (not shown) and wirings (not shown) that electrically

10

15

20

25

30

35

40

45

50

55

connect circuits disposed on a back side of the substrate.
The first subpixels 131, the second subpixels 132, and
the third subpixels 133 (e.g., micro-light emitting diode
(LED) elements) are arranged on the substrate 110 while
being electrically connected to the TFT layer to form a
first subpixel array 121, a second subpixel array 122, and
a third subpixel array 123.

[0036] The first subpixels 131, the second subpixels
132, and the third subpixels 133 form first to third primary
color images, respectively, are grouped by the same pri-
mary color, and are respectively patterned as the first
subpixel array 121, the second subpixel array 122, and
the third subpixel array 123, respectively, in a first region
R1, a second region R2, and a third region R3, respec-
tively, which are spatially separated on the substrate 110
and neighboring side by side. Here, patterning means
that light-emitting elements (for example, micro-LED el-
ements) forming the first subpixels 131, the second sub-
pixels 132, and the third subpixels 133 are disposed on
the substrate 110 through a process such as transfer or
inkjet printing.

[0037] The first subpixel array 121 includes the first
subpixels 131 arranged in the first region R1 on the sub-
strate 110 and forms a first primary color image. The
arrangement of the first subpixels 131 may include two
or more rows and two or more columns, and thus, the
first primary color image may be formed in the first sub-
pixel array 121. A first primary color may be, for example,
any one of red, green, and blue. The first subpixels 131
may each include at least one first light-emitting element
and emit light corresponding to the first primary color im-
age. For example, the first light-emitting element may be
a red light-emitting element, in which case the first sub-
pixels 131 may be red subpixels, and the first subpixel
array 121 may emit light of a red image.

[0038] The second subpixel array 122 includes the
second subpixels 132 arranged in the second region R2
different from the firstregion R1 on the substrate 110 and
forms a second primary color image. The second region
R2 being different from the first region R1 means that the
first region R1 and the second region R2 do not overlap
spatially but are separated from each other. The second
subpixels 132 may each include atleast one second light-
emitting element and emit light corresponding to the sec-
ond primary colorimage. The arrangement of the second
subpixels 132 may include two or more rows and two or
more columns, and thus, the second primary colorimage
may be formed in the second subpixel array 122. A sec-
ond primary color may be, for example, any one of red,
green, and blue. For example, the second light-emitting
element may be a green light-emitting element, in which
case the second subpixels 132 may be green subpixels,
and the second subpixel array 122 may emit light of a
green image.

[0039] The third subpixel array 123 includes the third
subpixels 133 arranged in the third region R3 that is dif-
ferent from the first region R1 and the second region R2
on the substrate 110 and forms a third primary color. The
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third region R3 being different from the first region R1
and the second region R2 means that the third region R3
does not spatially overlap the first region R1 and the sec-
ond region R2 but is separated from the first region R1
andthe second region R2. The firstregion R1, the second
region R2, and the third region R3 are located on the
same surface of the substrate 110. The third subpixels
133 may each include at least one third light-emitting
element and emit light corresponding to a third primary
color image. The arrangement of the third subpixels 133
may include two or more rows and two or more columns,
and thus, the third primary color image may be formed
in the third subpixel array 123. A third primary color may
be, for example, any one of red, green, and blue. For
example, the third light-emitting element may be a blue
light-emitting element, in which case the third subpixels
133 may be blue subpixels, and the third subpixel array
123 may emit light of a blue image.

[0040] In an embodiment, the first subpixel array 121,
the second subpixel array 122, and the third subpixel
array 123 may be neighboring side by side.

[0041] In an embodiment, the first subpixel 131, the
second subpixel 132, and the third subpixel 133 may all
have the same size, but are not limited thereto. For ex-
ample, the first light-emitting element, the second light-
emitting element, and the third light-emitting element re-
spectively constituting the first subpixel 131, the second
subpixel 132, and the third subpixel 133 may have dif-
ferent brightness, and thus, the first subpixel 131, the
second subpixel 132, and the third subpixel 133 may
have different sizes.

[0042] In an embodiment, the first subpixel 131, the
second subpixel 132, and the third subpixel 133 may all
have the same pitch, but the disclosure is not limited
thereto.

[0043] Aninterval between the first subpixel array 121
and the second subpixel array 122 and an interval be-
tween the second subpixel array 122 and the third sub-
pixel array 123 may be the same as pitches of the first
subpixel 131, the second subpixel 132, and the third sub-
pixel 133, but the disclosure is not limited thereto.
[0044] The first primary color image formed in the first
subpixel array 121, the second primary color image
formed in the second subpixel array 122, and the third
primary color image formed in the third subpixel array
123 may be combined with each other by a combination
optical system (for example, 920 in FIG. 13), which will
be described below, to provide a full-color image. For
example, the first subpixel array 121 may form a red im-
age, the second subpixel array 122 may form a green
image, and the third subpixel array 123 may form a blue
image, thereby forming a full-color image by combining
the red image, the green image, and the blue image. In
other words, the first subpixel 131 located in the first sub-
pixel array 121, the second subpixel 132 located in the
second subpixel array 122, and the third subpixel 133
located in the third subpixel array 123, which are respec-
tively, for example, a red subpixel, a green subpixel, and
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a blue subpixel, may be combined to operate as a full-
color pixel.

[0045] FIG. 2 is a side view of the display panel 100
according to an embodiment. Referring to FIG. 2, first
light-emitting elements 141, second light-emitting ele-
ments 142, and third light-emitting elements 143 respec-
tively constituting the first subpixels 131, the second sub-
pixels 132, and the third subpixels 133 may be micro-
LED chips each including an ultra-small inorganic light-
emitting material that emits light by itself without a back-
light. In an embodiment, the micro-LED chip may have
a width, a length, and a height of 1 um to 100 pwm. For
example, each of the first light-emitting elements 141
may be a red micro-LED chip that emits red light, each
of the second light-emitting elements 142 may be a green
micro-LED chip that emits green light, and the third light-
emitting elements 143 may be a blue micro-LED chip that
emits blue light.

[0046] FIG. 2 shows empty spaces between the first
light-emitting elements 141, the second light-emitting el-
ements 142, and the third light-emitting elements 143,
but partitions (not shown) may be provided to prevent
crosstalk. The partitions may be all provided between the
first light-emitting elements 141, between the second
light-emitting elements 142, between the third light-emit-
ting elements 143, and between the first subpixel array
121, the second subpixel array 122, and the third subpixel
array 123. The minimum space separated by the parti-
tions may define one subpixel, and may be approximately
1 pm to 100 pm in width and length.

[0047] FIGS. 3Ato 3E are diagrams illustrating a proc-
ess of manufacturing of the display panel 100 according
to an embodiment.

[0048] As shown in FIG. 3A, the first light-emitting el-
ements 141 constituting the first subpixels 131 are man-
ufactured by growing on a growth substrate 180. In an
embodiment, a wavelength band of light emitted from the
light-emitting element (micro-LED chip) 141 may be de-
termined according to an inorganic light-emitting material
that constitutes the micro-LED chip. For example, red,
green, and blue micro-LED chips may be manufactured
by epitaxially growing as nitride semiconductors with dif-
ferent composition materials and ratios on different
growth substrates (e.g., sapphire substrates) and form-
ing n/p electrodes. The first light-emitting elements 141
may be, for example, red micro-LED chips.

[0049] Next, asshowninFIG. 3B, thefirstlight-emitting
elements 141 formed on the growth substrate 180 are
transferred to a transfer substrate 190, and as shown in
FIG. 3C, the first light-emitting elements 141 are trans-
ferred to the first region R1 on the substrate 110 by using
the transfer substrate 190. A transfer process using the
transfer substrate 190 is an example and does not limit
the embodiment. The transfer of the first light-emitting
elements 141 may be performed in units of the first sub-
pixel array 121. The transferred first light-emitting ele-
ments 141 may be understood as the first subpixels 131
and may be, for example, red micro-LED chips.
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[0050] As shown in FIG. 3D, the second light-emitting
elements 142 are also manufactured through epitaxial
growth on a separate growth substrate (not shown), and
are transferred to the second region R2 on the substrate
110 in units of the second subpixel array 122. The trans-
ferred second light-emitting elements 142 may be under-
stood as the second subpixels 132, and may be, for ex-
ample, green micro-LED chips.

[0051] As shown in FIG. 3E, the third light-emitting el-
ements 143 are also manufactured through epitaxial
growth on a separate growth substrate (not shown), and
are transferred to the third region R3 on the substrate
110 in units of the third subpixel array 123. The trans-
ferred third light-emitting elements 143 may be under-
stood as the third subpixels 133, and may be, for exam-
ple, blue micro-LED chips.

[0052] In an embodiment, a process of forming parti-
tions (not shown) between individual light-emitting ele-
ments may be performed on an individual growth sub-
strate at a step before transferring the first light-emitting
elements 141, the second light-emitting elements 142,
and the third light-emitting elements 143. For example,
in FIG. 3A, after the first light-emitting elements 141 are
grown on the growth substrate 180, a process of forming
partitions between the first light-emitting elements 141 is
performed, and then a process of transferring the first
light-emitting elements 141 may proceed.

[0053] In an embodiment, after the transfer of the first
light-emitting elements 141, the second light-emitting el-
ements 142, and the third light-emitting elements 143 is
completed, a process of forming partitions (not shown)
between the individual light-emitting elements or a proc-
ess of forming partitions (not shown) between the first
subpixel array 121, the second subpixel array 122, and
the third subpixel array 123 may be added.

[0054] In afull-color micro-LED panel of the related art,
red, green, and blue micro-LED chips grown on different
growth substrates are separated into individual chips and
then transferred onto a substrate on which a pixel circuit
is formed so as be grouped according to pixels. At this
time, a pixel size is determined by the area of a region
in which the red, green, and blue micro-LED chips are
gathered together. Considering a process error of a
transfer process, there is a limit to reducing the pixel size,
which makes it difficult to increase a PPI.

[0055] On the other hand, in the manufacturing proc-
ess according to the embodiment, the first light-emitting
elements 141, the second light-emitting elements 142,
and the third light-emitting elements 143 are transferred
to the firstregion R1, the second region R2, and the third
region R3 which are spatially separated, in units of the
first subpixel array 121, the second subpixel array 122,
and the third subpixel array 123. The first light-emitting
elements 141, the second light-emitting elements 142,
and the third light-emitting elements 143 do not need to
be separated for each individual chip, and are transferred
in units of the first subpixel array 121, the second subpixel
array 122, and the third subpixel array 123, which may

10

15

20

25

30

35

40

45

50

55

reduce sizes and pitches of the first subpixel 131, the
second subpixel 132, and the third subpixel 133, and
thus, the manufacturing process according to the em-
bodiment is easy to increase the PPI.

[0056] The display panel disclosed above and the dis-
play device employing the display panel may overcome
limitations in process technology through a pixel layout
in which subpixels are spatially separated by a primary
color.

[0057] FIGS.2and 3Ato 3E show an example in which
the first light-emitting elements 141, the second light-
emitting elements 142, and the third light-emitting ele-
ments 143 constituting the first subpixel 131, the second
subpixel 132, and the third subpixel 133 emit red, green,
and blue lights, respectively, but the disclosure is not
limited thereto.

[0058] A display panel 200 according to an embodi-
ment may use a color conversion method.

[0059] FIG. 4 is a side view of the display panel 200
according to an embodiment. The display panel 200 of
the embodiment is substantially the same as the display
panel 100 described with reference to FIGS. 1 and 2 ex-
cept that first light-emitting elements 241, second light-
emitting elements 242, and third light-emitting elements
243 constituting the first subpixel 131, the second sub-
pixel 132, and the third subpixel 133 use a color conver-
sion method, and thus, differences are mainly described.
[0060] Referring to FIG. 4, the first light-emitting ele-
ments 241 include excitation light micro-LED chips 220
arranged in the first region R1 on the substrate 110 and
a first color conversion layer 231 that absorbs excitation
light emitted from the excitation light micro-LED chips
220 and emits light of a first primary color wavelength.
The first light-emitting elements 241 may be understood
as the first subpixels 131 and constitute the first subpixel
array 121.

[0061] The second light-emitting elements 242 include
the excitation light micro-LED chips 220 arranged in the
second region R2 on the substrate 110 and a second
color conversion layer 232 that absorbs excitation light
emitted from the excitation light micro-LED chips 220 and
emits light of a second primary color wavelength. The
second light-emitting elements 242 may be understood
as the second subpixels 132 and constitute the second
subpixel array 122.

[0062] The third light-emitting elements 243 include
the excitation light micro-LED chips 220 arranged in the
third region R3 on the substrate 110 and a third color
conversion layer 233 that absorbs excitation light emitted
from the excitation light micro-LED chips 220 and emits
light of a third primary color wavelength. The third light-
emitting elements 243 may be understood as the third
subpixels 133 and constitute the third subpixel array 123.
[0063] A transparent layer 235 may be disposed on
upper portions of the excitation light micro-LED chips
220, and the first color conversion layer 231, the second
color conversion layer 232, and the third color conversion
layer 233 may be provided on an upper portion of the
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transparent layer 235. The transparent layer 235 is a lay-
er that is transparent to excitation light. The first color
conversion layer 231, the second color conversion layer
232, and the third color conversion layer 233 are sepa-
rated for each subpixel by upper partitions 236. FIG. 4
shows empty spaces between the excitation light micro-
LED chips 220, but partitions (not shown) may be pro-
vided.

[0064] In an embodiment, the excitation micro-LED
chips 220 may emit ultraviolet light, and the first color
conversion layer 231, the second color conversion layer
232, and the third color conversion layer 233 may re-
spectively absorb ultravioletlight and emitred light, green
light, and blue light, respectively. The first color conver-
sion layer 231, the second color conversion layer 232,
and the third color conversion layer 233 may each include
a quantum dot (QD) as a color conversion material.
[0065] In an embodiment, the excitation micro-LED
chips 220 may emit blue light, and the first color conver-
sion layer 231 and the second color conversion layer 232
may respectively absorb blue light and emit red light and
green light, respectively. In this case, the third color con-
version layer 233 may include a material that is transpar-
ent to blue light.

[0066] FIGS. 5A to 5F are diagrams illustrating a proc-
ess of manufacturing the display panel 200 according to
an embodiment.

[0067] As shown in FIG. 5A, first, the excitation light
micro-LED chips 220 are prepared on the substrate 110.
In an embodiment, the excitation light micro-LED chips
220 may be manufactured by epitaxially growing as ni-
tride semiconductors on a separate growth substrate and
forming n/p electrodes, and may be transferred onto the
substrate 110 on which a pixel circuit is formed. In an
embodiment, the excitation micro-LED chips 220 may be
epitaxially grown directly on the substrate 110. Partitions
may be formed in empty spaces between the excitation
light micro-LED chips 220.

[0068] Next, the transparent layer 235 is disposed as
shown in FIG. 5B, and the upper partitions 236 are formed
as shownin FIG. 5C. The upper partitions 236 are formed
in a grid shape when viewed from a plane of the trans-
parent layer 235, and a space separated by the upper
partitions 236 define one subpixel. The first color conver-
sion layer 231, the second color conversion layer 232,
and the third color conversion layer 233 are sequentially
formed in the spaces separated by the upper partitions
236 in the upper portion of the transparent layer 235. For
example, as shown in FIG. 5D, the first color conversion
layer 231 is formed by applying a first color conversion
layer material 2311 on the first region R1 of the upper
portion of the transparent layer 235 through inkjet printing
or other known methods. Likewise, as shown in FIG. 5E,
the first color conversion layer 231 is formed by applying
a second color conversion layer material 2321 on the
second region R2 of the upper portion of the transparent
layer 235, and as shown in FIG. 5F, the third color con-
version layer 233 is formed by applying a third color con-
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version layer material 2313 on the third region R3 of the
upper portion of the transparent layer 235.

[0069] The first region R1, the second region R2, and
the third region R3 are spatially separated, so that the
same color conversion layer material may be applied to
the same region all at once, which makes it possible to
overcome limitations in a process of manufacturing a dis-
play panel of the related art in which different color con-
version layers are arranged alternately. In other words,
the first color conversion layer 231, the second color con-
version layer 232, and the third color conversion layer
233 may be respectively formed in area units of the first
subpixel array 121, the second subpixel array 122, and
the third subpixel array 123, which may reduce sizes and
pitches of the first subpixel 131, the second subpixel 132,
and the third subpixel 133, and as a result, a PPl may be
increased.

[0070] FIG. 6is a plan view schematically showing an
arrangement of subpixels of a display panel according
to an embodiment. The embodiment is substantially the
same as the embodiments described with reference to
FIGS. 1 to 5F except for a first interval P1 and a second
interval P2 between the first subpixel array 121, the sec-
ond subpixel array 122, and the third subpixel array 123,
and thus, differences are mainly described. The first in-
terval P1 between the first subpixel array 121 and the
second subpixel array 122 and the second interval P2
between the second subpixel array 122 and the third sub-
pixel array 123 may be greater than pitches Ps of the first
subpixel 131, the second subpixel 132, and the third sub-
pixel 133. In an embodiment, the first interval P1 and the
second interval P2 may be the same, but the disclosure
is not limited thereto. The firstinterval P1 and the second
interval P2 may be designed to have a sufficient size to
ensure a color separation margin of a combining optical
system that combines different primary color images. In
an embodiment, the first subpixel array 121, the second
subpixel array 122, and the third subpixel array 123 may
be neighboring side by side, but the disclosure is not
limited thereto.

[0071] FIG. 7 is a side view of a display panel 300 ac-
cording to an embodiment. Referring to FIG. 7, in an em-
bodiment, the first light-emitting elements 241, the sec-
ond light-emitting elements 242, and the third light-emit-
ting elements 243 constituting the first subpixel 131, the
second subpixel 132, and the third subpixel 133 may be
micro-LED chips each including an ultra-small inorganic
light-emitting material that emits light by itself without a
backlight. The first light-emitting elements 241, the sec-
ond light-emitting elements 242, and the third light-emit-
ting elements 243 are transferred onto the substrate 110
inunits of the first subpixel array 121, the second subpixel
array 122, and the third subpixel array 123, and the first
subpixel array 121, the second subpixel array 122, and
the third subpixel array 123 are located with separation
spaces 381 and 382 corresponding to the first interval
P1 and the second interval P2 therebetween.

[0072] FIG. 8 is a side view of a display panel 500 ac-
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cording to an embodiment. Referring to FIG. 8, in an em-
bodiment, the first light-emitting elements 241, the sec-
ond light-emitting elements 242, and the third light-emit-
ting elements 243 constituting the first subpixel 131, the
second subpixel 132, and the third subpixel 133 may use
a color conversion method. The excitation light micro-
LED chips 220 may be disposed on the substrate 110
with separation spaces corresponding to the first interval
P1 and the second interval P2 therebetween. Likewise,
the first color conversion layer 231, the second color con-
version layer 232, and the third color conversion layer
233 may be disposed on the transparent layer 235 with
separation spaces 481 and 482 corresponding to the first
interval P1 and the second interval P2 therebetween. The
separation spaces 481 and 482 corresponding to the first
interval P1 and the second interval P2 therebetween are
configured to sufficiently secure a color separation mar-
gin during a process of forming the first color conversion
layer 231, the second color conversion layer 232, and
the third color conversion layer 233.

[0073] In the embodiments described with reference
to FIGS. 1 to 8, an optical film may be attached to or an
optical lens may be disposed on upper portions of the
first subpixel array 121, the second subpixel array 122,
and the third subpixel array 123.

[0074] FIG. 9 shows a schematic structure of a display
panel 500 according to an embodiment. Referring to FIG.
9, the display panel 500 may further include a microlens
array unit 530 that collimates light emitted from the first
subpixel 131, the second subpixel 132, and the third sub-
pixel 133 into a parallel beam. The microlens array unit
530 is an example of an optical lens disposed on the first
subpixel array 121, the second subpixel array 122, and
the third subpixel array 123, but is not limited thereto.
The embodiment is substantially the same as the em-
bodiment described with reference to FIGS. 1 to 8 except
that the display panel 500 further includes the microlens
array unit 530, and thus, differences are mainly de-
scribed.

[0075] The microlens array unit 530 may include a first
microlens array 531, a second microlens array 532, and
a third microlens array 533 located adjacent to emission
surfaces of the first subpixel array 121, the second sub-
pixel array 122, and the third subpixel array 123. The first
subpixel array 121, the second subpixel array 122, and
the third subpixel array 123 emit light of a first primary
color image, a second primary color image, and a third
primary color image which are different from each other,
and thus, each of the first microlens array 531, the second
microlens array 532, and the third microlens array 533
may be designed to have a curved surface to suit a cor-
responding primary color wavelength band. In the pixel
layout of the related art, a red subpixel, a green subpixel,
and a blue subpixel are disposed adjacently to form one
pixel. Because the size of each subpixel is very small, it
was difficult to manufacture a microlens array to suiteach
subpixel and dispose the microlens array to match each
subpixel. On the other hand, in the display panel 500 of
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the embodiment, the first subpixel array 121, the second
subpixel array 122, and the third subpixel array 123 are
spatially separated, and thus, it is easy to manufacture
and dispose the first microlens array 531, the second
microlens array 532, and the third microlens array 533
in accordance with primary colors of the first subpixel
array 121, the second subpixel array 122, and the third
subpixel array 123.

[0076] In the microlens array unit 530 shown in FIG.
9, the first microlens array 531, the second microlens
array 532, and the third microlens array 533 are in close
contact with each other but may be spaced apart from
each other.

[0077] FIG. 10is a side cross-sectional view schemat-
ically showing a structure of a monochromatic micro-LED
element 600 according to an embodiment. The mono-
chromatic micro-LED element 600 of the embodiment
may be applied to light-emitting elements of the display
panels 100, 200, 300, and 400 of the above-described
embodiments.

[0078] Referringto FIG. 10, the monochromatic micro-
LED element 600 may include a micro-LED chip 620 pro-
vided on a substrate 610, partitions 630 that separate
the micro-LED chip 620 from neighboring chips, and a
first color conversion layer 641 and a second color con-
version layer 642 that absorb excitation light L, emitted
from the micro-LED chip 620 and emit conversion light
L. converted into a primary color wavelength band.
[0079] The micro-LED chip 620 includes an ultra-small
inorganic light-emitting material that emits light by itself
without a backlight. The micro-LED chip 620 may have
a width, a length, and a height of 1 pm to 100 um, re-
spectively. A wavelength band of the excitation light L
emitted from the micro-LED chip 620 may be determined
according to the inorganic light-emitting material. The ex-
citation light L, emitted from the micro-LED chip 620 may
be blue light or ultraviolet light.

[0080] The micro-LED chip 620 is manufactured by
growing in plural in the form of a chip on a wafer (growth
substrate) through an epitaxial process, etc. The micro-
LED chip 620 manufactured as above may be transferred
onto the substrate 610.

[0081] The partitions 630 are located between subpix-
els (e.g., 131in FIG. 1) to prevent crosstalk between the
subpixels. In other words, space separated by the parti-
tions 630 defines one subpixel. FIG. 10 shows a config-
uration in which one micro-LED chip 620 is disposed in
the space separated by the partitions 630, but two or
more micro-LED chips 620 may be disposed in the space
separated by the partitions 630.

[0082] Thefirstcolor conversionlayer 641 and the sec-
ond color conversion layer 642 are located on the micro-
LED chip 620. The first color conversion layer 641 is a
layer relatively close to the micro-LED chip 620 and may
be understood as a lower layer with respect to FIG. 10.
The second color conversion layer 642 is alayer relatively
distant from the micro-LED chip 620 and may be under-
stood as an upper layer with respect to FIG. 10. A band
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pass filter 650 having, as a pass band, the wavelength
band of the conversion light L ; converted by the first color
conversion layer 641 and the second and 642 may be
provided on the second color conversion layer 642. For
example, when the conversion light L is red light, the
band pass filter 650 may use a red wavelength as the
pass band. When the conversion light L., is green light,
the band pass filter 650 may use a green wavelength as
a pass band.

[0083] Thefirstcolor conversion layer 641 and the sec-
ond and 642 include QDs that absorb the excitation light
L, and emit the conversion light L. converted into the
primary color wavelength band.

[0084] QDs are semiconductor nanocrystals that may
be tuned to emit light across visible and infrared spec-
trums. Due to a size of 1 nm to 100 nm, more typically a
small size of 1 nm to 20 nm, the wavelength, i.e. the color,
of emitted light may be dependent on the size of QDs. In
an embodiment, the excitation light L, may be blue light,
and the QDs may have a size that absorbs blue light and
emits red light. In an embodiment, the excitation light L
may be blue light, and the QDs may have the size that
absorbs blue light and emits green light. In an embodi-
ment, the excitation light L, may be ultraviolet light, and
the QDs may have the size that absorbs ultraviolet light
and emits red light. In an embodiment, the excitation light
L, may be ultraviolet light, and the QDs may have the
size that absorbs ultraviolet light and emits green light.
In an embodiment, the excitation light L, may be ultravi-
olet light, and the QDs may have the size that absorbs
ultraviolet light and emits blue light.

[0085] The QDs included in the first color conversion
layer 641 and the QDs included in the second color con-
version layer 642 are the same nanocrystals, but a den-
sity of the QDs in the first color conversion layer 641
(hereinafter referred to as a first QD density) and a den-
sity of the QDs (hereinafter referred to as a second QD
density) in the second color conversion layer 642 are
different from each other.

[0086] In an embodiment, the first QD density of the
first color conversion layer 641 may be less than the sec-
ond QD density of the second color conversion layer 642.
[0087] The QDs of the first color conversion layer 641
absorbs a part of the excitation light L, emitted from the
micro-LED chip 620 and emit the conversion light L. Be-
cause upwardly directed light in the conversion lights L
converted by the first color conversion layer 641 is emit-
ted upwardly from the monochromatic micro-LED ele-
ment 600 through the second color conversion layer 642,
a significant amount of the upwardly directed light may
be reabsorbed by other QDs in the first color conversion
layer 641 and the QDs in the second color conversion
layer 642, thereby reducing the absorption efficiency of
the QDs.

[0088] Meanwhile, the other part of the excitation light
L emitted from the micro-LED chip 620 passes through
the first color conversion layer 641 and is directed to the
second color conversion layer 642. The QDs of the sec-
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ond color conversion layer 642 also absorb part of the
excitation light L, and emit the conversion light L. In the
conversion light L. converted by the second color con-
version layer 642, most of upwardly directed light is emit-
ted upwardly from the monochromatic micro-LED ele-
ment 600, and only a part of the upwardly directed light
may be reabsorbed by other QDs in the second color
conversion layer 642, thereby reducing the absorption
efficiency of the QDs.

[0089] As described above, compared to the conver-
sion light L converted by the second color conversion
layer 642, the conversion light L. converted by the first
color conversion layer 641 contributes to reducing the
absorption efficiency of QDs. Therefore, in the embodi-
ment, the first QD density of the first color conversion
layer 641 is less than the second QD density of the sec-
ond color conversion layer 642, and thus, the absorption
efficiency of QDs may be improved compared to a single
layer color conversion layer having the same amount of
QDs.

[0090] A protective layer 660 may be provided on the
band pass filter 650. The protective layer 660 includes a
material that is transparent to the conversion light L. and
protects the QDs included in the first color conversion
layer 641 and the second and 642 from an external en-
vironment.

[0091] FIG. 10 illustrates an example in which a color
conversion layer has a double layer structure (i.e., the
first color conversion layer 641 and the second and 642),
but the color conversion layer may have a three or more
layer structure with different QD densities.

[0092] FIG. 11 is a graph showing a relative radiant
flux emitted from a monochromatic micro-LED element
according to a mean free path (MFP) of a lower layer
when a color conversion layer of the monochromatic mi-
cro-LED elementis a double layer (thickness of 10 um/10
pm) according to an embodiment compared to a com-
parative example in which a color conversion layer is a
single layer.

[0093] In the color conversion layer of the monochro-
matic micro-LED element, alower layer (i.e., thefirst color
conversion layer 641 in FIG. 10) and an upper layer (i.e.,
the second color conversion layer 642 in FIG. 10) each
have a thickness of 10 um. The MFP of the upper layer
is 0.02 mm, and the MFP of the lower layer is changed
from 0.02 mm to 0.12 mm. The MFP, which is the mean
free path until light is scattered in the color conversion
layer, may be converted into a QD density in the color
conversion layer. In other words, fixing the MFP of the
upper layer and gradually increasing the MFP of the lower
layer may be interpreted equally as fixing the QD density
of the upper layer and gradually reducing the QD density
of the lower layer. That is, FIG. 9 shows that the relative
radiant flux exceeds 0.5 Watt within a range where the
QD density of the lower layer is less than the QD density
of the upper layer.

[0094] Meanwhile, a monochromatic micro-LED ele-
ment of the comparative example has the color conver-
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sion layer of a single layer structure and has a thickness
of 10 wm, and the MFP is similarly changed from 0.02
mm to 0.12 mm. As a result, it may be seen that in most
periods where the MFP is 0.02 mm to 0.12 mm, the rel-
ative radiant flux of the comparative example is less than
0.5 Watt, which is lower than the radiant flux of the color
conversion layer with the double layer structure accord-
ing to an embodiment.

[0095] FIG. 12 is a graph showing a relative radiant
flux emitted from a monochromatic micro-LED element
according to an MFP of a lower layer when a color con-
version layer of the monochromatic micro-LED element
is a double layer (thickness of 2.5 um/2.5 um) according
to an embodiment compared to a comparative example
in which a color conversion layer is a single layer.
[0096] In the color conversion layer of the monochro-
matic micro-LED element according to an embodiment,
a lower layer and an upper layer each have a thickness
of 2.5 um. The MFP of the upper layer is 0.02 mm, and
the MFP of the lower layer is changed from 0 mm to 0.1
mm. FIG.12 shows that the relative radiant flux is 0.3
Watt or more within a range where a QD density of the
lower layer is less than a QD density of the upper layer.
[0097] Meanwhile, a monochromatic micro-LED ele-
ment of the comparative example has the color conver-
sion layer of a single layer structure and has a thickness
of 5 um, and the MFP is similarly changed from 0 mm to
0.1 mm. As a result, it may be seen that in most periods
where the MFP is 0 mm to 0.1 mm, the relative radiant
flux of the comparative example is lower than the radiant
flux of the color conversion layer with the double layer
structure according to an embodiment.

[0098] As shown in FIGS. 11 and 12, it may be seen
that when the monochromatic micro-LED element ac-
cording to an embodiment includes the color conversion
layer of the double layer structure in which the QD density
of the lower layer is less than the QD density of the upper
layer, the monochromatic micro-LED element according
to an embodiment has a higher radiant flux (in other
words, higher color conversion efficiency) than the mon-
ochromatic micro-LED element of the comparative ex-
ample. The monochromatic micro-LED element includ-
ing the color conversion layer ofthe double layer structure
described with reference to FIGS. 11 and 12 may be un-
derstood as the monochromatic micro-LED element 600
described with reference to FIG. 10.

[0099] FIG. 13is a side cross-sectional view schemat-
ically showing a structure of a monochromatic micro-LED
element 700 according to an embodiment.

[0100] Referringto FIG. 13, the monochromatic micro-
LED element 700 is substantially the same as the mon-
ochromatic micro-LED element 600 described with ref-
erence to FIG. 10, except that partitions 730 have reflec-
tivity with respect to the excitation light L., and thus, dif-
ferences are mainly described.

[0101] The partitions 730 may include a reflective ma-
terial with respect to the excitation light L, or be coated
with the reflective material. The partitions 730 may also
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have reflectivity with respect to the conversion light L
converted by the first color conversion layer 641 and the
second and 642.

[0102] Because atleast a part of the excitation light L
emitted from the micro-LED chip 620 is directed toward
the partitions 730, the partitions 730 have reflectivity with
respect to the excitation light L, and the excitation light
L. directed toward the partitions 730 is returned to the
first color conversion layer 641 and the second and 642
again, and thus, the light absorption efficiency in the first
color conversion layer 641 and the second and 642 may
be improved. In other words, the disclosed display panel
and the display device employing the display panel may
increase a ratio of excitation light absorbed into QDs by
using a reflective partition structure.

[0103] FIG. 14 is a side cross-sectional view schemat-
ically showing a structure of a monochromatic micro-LED
element 800 according to an embodiment.

[0104] Referringto FIG. 14, the monochromatic micro-
LED element 800 may include at least one of a first di-
chroic mirror layer 850 provided on an upper portion of
the second color conversion layer 642 and a second di-
chroic mirror layer 860 provided on a lower portion of the
first color conversion layer 641. The monochromatic mi-
cro-LED element 800 of the embodiment is substantially
the same as the monochromatic micro-LED element 600
or 700 described with reference to FIG. 10 or 13, except
that the monochromatic micro-LED element 800 includes
the first dichroic mirror layer 850 and the second dichroic
mirror layer 860.

[0105] The first dichroic mirror layer 850 may be un-
derstood as replacing the band pass filter 650 of the mon-
ochromatic micro-LED element 600 described with ref-
erence to FIG. 10. The first dichroic mirror layer 850 is a
layer that passes the conversion light L, converted by
the first color conversion layer 641 and the second and
642, but reflects the excitation light L,. For example,
when the conversion light L. is red light, the first dichroic
mirror layer 850 passes the red light and reflects the ex-
citation light L. When the conversion light L, is green
light, the first dichroic mirror layer 850 passes the green
light and reflects the excitation light L. The excitation
light L, passing through the second color conversion lay-
er 642 and directing toward the upper portion of the mon-
ochromatic micro-LED element 800 is returned to the first
color conversion layer 641 and the second and 642, and
thus, the light absorption efficiency in the first color con-
version layer 641 and the second and 642 may be im-
proved.

[0106] The second dichroic mirror layer 860 is a layer
that reflects the conversion light L, converted by the first
color conversion layer 641 and the second and 642, but
passes the excitation light L,. For example, when the
conversion light L is red light, the second dichroic mirror
layer 860 reflects the red light and passes the excitation
light L. When the conversion light L is green light, the
second dichroic mirror layer 860 reflects the green light
and passes the excitation light L. The second dichroic
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mirror layer 860 reflects downwardly directed light in the
conversion light L, converted by the first color conversion
layer 641 and directs the downwardly directed light up-
ward, thereby increasing the amount of light of the emit-
ted conversion light L. In other words, the disclosed dis-
play panel and the display device employing the display
panel may increase a ratio of excitation light absorbed
by QDs by using a dichroic mirror structure.

[0107] FIG. 15 schematically illustrates a display de-
vice 900 according to an embodiment.

[0108] Referring to FIG. 15, the display device 900 in-
cludes a display panel 910 and a combining optical sys-
tem 920.

[0109] The display panel 910 may be any one of the
display panels 100, 200, 300, 400, and 500 of the above-
described embodiments.

[0110] The combining optical system 920 is an optical
member that forms one full-color image by combining a
first light L1 corresponding to a first primary color image
output from a first subpixel array 911 of the display panel
910, a second light L2 corresponding to a second primary
color image output from a second subpixel array 912 of
the display panel 910, and a third light L3 corresponding
to a third primary color image output from a third subpixel
array 913 of the display panel 910 and may include a
lens, a reflection mirror, etc. For example, the first sub-
pixel array 911 forms a red image, the second subpixel
array 912 forms a green image, the third subpixel array
913 forms a blue image, and the red image, the green
image, and the blue image may overlap by the combining
optical system 920 to be combined into one full-color im-
age.

[0111] The combining optical system 920 may further
include a projection lens (not shown) to allow the display
device 900 to function as a projection type.

[0112] FIG. 16 schematically illustrates a display de-
vice 1000 according to an embodiment.

[0113] Referring to FIG. 16, the display device 1000
may include a display panel 1010 and animage combiner
that combines and guides the first light, the second light,
and the third line which are emitted from the display panel
1010. The display device 1000 may further include a col-
limation optical system 1020 such as the microlens array
(see 530 in FIG. 9) that collimates the first light L1, the
second light L2, and the third line L3 which are emitted
from the display panel 1010 into a parallel beam.
[0114] The image combiner may include a first
waveguide 1031, a second waveguide 1032, and a third
waveguide 1033, a first input coupler 1041, a second
input coupler 1042, and a third input coupler 1043, and
afirst output coupler 1051, a second output coupler 1052,
and a third output coupler 1053. The image combiner
may be understood as an example of a combining optical
system that combines the first light, the second light, and
the third line to form a full-color image.

[0115] The first waveguide 1031, the second
waveguide 1032, and the third waveguide 1033 may
each include a material that is transparent to the first light
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L1, the second light L2, and the third line L3, and may
be spaced apart from each other. Spacers (not shown)
may be disposed between the first waveguide 1031, the
second waveguide 1032, and the third waveguide 1033.
The first waveguide 1031, the second waveguide 1032,
and the third waveguide 1033 respectively propagate the
first light L1, the second light L2, and the third line L3
through total internal reflection.

[0116] The first input coupler 1041, the second input
coupler 1042, the third input coupler 1043, the first output
coupler 1051, the second output coupler 1052, and the
third output coupler 1053 may each be, for example, a
diffractive optical element (DOE) or a holographic optical
element (HOE).

[0117] The first input coupler 1041 is located opposite
to the first subpixel array 1011 of the first waveguide 1031
and couples (i.e., the inputs) the first light L1 to the first
waveguide 1031. A surface of the first waveguide 1031
on which the first input coupler 1041 is provided may be
a surface facing the first subpixel array 1011 or a surface
opposite to the surface facing the first subpixel array
1011, orthe firstinput coupler 1041 may be locatedinside
the first waveguide 1031.

[0118] The second input coupler 1042 is located op-
posite to the second subpixel array 1012 of the second
waveguide 1032 and couples (i.e., inputs) the second
light L2 to the second waveguide 1032. A surface of the
second waveguide 1032 on which the second input cou-
pler 1042 is provided may be a surface facing the second
subpixel array 1012 or a surface opposite to the surface
facing the second subpixel array 1012, or the second
input coupler 1042 may be located inside the second
waveguide 1032.

[0119] The third input coupler 1043 is located opposite
to the third subpixel array 1013 of the third waveguide
1033 and couples (i.e., inputs) the third light L3 to the
third waveguide 1033. A surface of the third waveguide
1033 on which the third input coupler 1043 is provided
may be a surface facing the third subpixel array 1013 or
a surface opposite to the surface facing the third subpixel
array 1013, orthe third input coupler 1043 may be located
inside the third waveguide 1033.

[0120] Thefirstoutput coupler 1051, the second output
coupler 1052, and the third output coupler 1053 are pro-
vided in output regions of the first waveguide 1031, the
second waveguide 1032, and the third waveguide 1033,
respectively, and output the firstlight L1, the second light
L2, and the third line L3 to a target region. The target
region may be a user’s eye motion box, and in this case,
the display device 1000 may be a near-eye display device
such as an augmented reality device or a virtual reality
device. The image combiner may transmit light of a real
environment (real word) in a thickness direction of the
first waveguide 1031, the second waveguide 1032, and
the third waveguide 1033. When the image combiner
combines light of a virtual image emitted from the display
panel 1010 with the light of the real environment, the
display device 1000 may be understood as an augment-
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ed reality device.

[0121] In an embodiment, a part of each of the second
waveguide 1032 and the third waveguide 1033 facing
the first subpixel array 1011 may be removed as shown
in FIG. 16 or a through hole may be formed in the part
of each of the second waveguide 1032 and the third
waveguide 1033 facing the first subpixel array 1011 such
that the first light L1 emitted from the first subpixel array
1011 does not pass through the second waveguide 1032
and the third waveguide 1033 while reaching the first
waveguide 1031. Similarly, a part of the third waveguide
1033 facing the second subpixel array 1012 may be re-
moved or a through hole may be formed in the part of
the third waveguide 1033 facing the second subpixel ar-
ray 1012 such that the second light L2 emitted from the
second subpixel array 1012 does not pass through the
third waveguide 1033 while reaching the second
waveguide 1032. Regions of the first waveguide 1031,
the second waveguide 1032, and the third waveguide
1033 in which the first light L1, the second light L2, and
the third line L3 are input may have a stepped shape.
That is, the second waveguide 1032 may be configured
not to have a region facing the first subpixel array 1011,
and the third waveguide 1033 may be configured not to
have aregion facing the first subpixel array 1011 and the
second subpixel array 1012.

[0122] In an embodiment, the first waveguide 1031,
the second waveguide 1032, and the third waveguide
1033 are stacked without a shape changing, so that, for
example, the first light L1 may pass through the second
waveguide 1032 and the third waveguide 1033 and then
reach the first waveguide 1031.

[0123] In an embodiment, the image combiner in-
cludes only one waveguide and may guide the first light
L1, the second light L2, and the third line L3 within one
waveguide.

[0124] FIG. 17 schematically illustrates an augmented
reality device 1100 according to an embodiment. Refer-
ring to FIG. 17, the augmented reality device 1100 may
be augmented reality glasses.

[0125] The augmented reality device 1100 may use
the display device 1000 described with reference to FIG.
16 as a left eye device and a right eye device.

[0126] The augmented reality device 1100 may further
include a display panel 1120 and an image combiner
1110. The image combiner 1110 may be fixed to a frame
1190. The display panel 1120 may be disposed near a
temple of a user’'s head and fixed to the frame 1190.
Information processing and image formation for the dis-
play panel 1120 may be performed directly by acomputer
of the augmented reality device itself, or an external elec-
tronic device, such as a smart phone, a tablet, a compu-
ter, a laptop, and all other intelligent (smart) devices, to
which the augmented reality device are connected. Sig-
nal transmission between the augmented reality device
and the external electronic device may be performed
through wired communication and/or wireless communi-
cation. The augmented reality device may receive power
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from at least one of a built-in power source (rechargeable
battery) and an external device, or an external power
source.

[0127] An input-coupler 1130 of the image combiner
1110 is disposed on a surface of each of the waveguides
(see 1031, 1032, and 1033 in FIG. 16) facing the display
panel 1120 or a rear side thereof to input, to the
waveguide, a light output from the display panel 1120.
The input light is guided in the waveguide toward each
of the output-couplers (see 1051, 1052, and 1053 in FIG.
16) and then is output to a target region through the out-
put-coupler. In this regard, the target region may be an
eye motion box of a user.

[0128] FIG. 17 illustrates a case where the image com-
biner 1110 and the display panel 1120 are each provided
onboth leftand right sides, but the disclosure is notlimited
thereto. In an embodiment, the image combiner 1110
and the display panel 1120may be provided on one of
the left and right sides. In an embodiment, the image
combiner 1110 may be provided over the entire left and
right sides, and the display panel 1120 may be provided
in common on the left and right sides or may be provided
to correspond to each of the left and right sides.

[0129] Although an example in which a display device
is applied to augmented reality glasses is described, it
will be obviously understood by those of ordinary skill in
the art that the display device may be applied to a virtual
reality device capable of expressing virtual reality and a
head up display (HUD) device.

[0130] FIG. 18 schematically illustrates a display de-
vice 1200 according to an embodiment.

[0131] Referring to FIG. 18, the display device 1200
includes a display panel 1210, an X-cube prism 1220, a
first reflection member 1231, and a second reflection
member 1232.

[0132] The display panel 1210 may be any one of the
display panels 100, 200, 300, 400, and 500 of the above-
described embodiments.

[0133] The X-cube prism 1220, the first reflection mem-
ber 1231, and the second reflection member 1232 may
be understood as specific examples of a combining op-
tical system.

[0134] The first reflection member 1231, and the sec-
ond reflection member 1232 may be mirrors or prisms.
The first reflection member 1231 changes an optical path
of the first light L1 corresponding to a first primary color
image output from a first subpixel array 1211 of the dis-
play panel 1210 to be directed to a first surface of the X-
cube prism 1220. The second reflection member 1232
changes an optical path of the third light L3 corresponding
to a third primary color image output from a third subpixel
array 1213 of the display panel 1210 to be directed to a
second surface opposite to the first surface of the X-cube
prism 1220.

[0135] The X-cube prism 1220 is a known cubic optical
element with dichroic mirror layers provided therein, and
combines the paths of the first light L1, the second light
L2, and the third line L3 of different wavelengths. Spe-



23 EP 4 418 318 A1 24

cifically, the X-cube prism 1220 is disposed such that a
third surface different from the first surface and the sec-
ond surface faces the second subpixel array 1212. The
X-cube prism 1220 passes the second light L2 corre-
sponding to the second primary color image output from
the second subpixel array 1212 as it is, and reflects the
first light L1 and the third light L3 in the same direction
as the second light L2 such that the first light L1, the
second light L2, and the third line L3 are combined to
form one full-color image. For example, the first subpixel
array 1211 forms a red image, the second subpixel array
1212 forms a green image, the third subpixel array 1213
forms a blue image, and the red image, the green image,
and the blue image may overlap by the X-cube prism
1220 to be combined into one full-color image.

[0136] FIG. 19 schematically illustrates a display de-
vice according to an embodiment.

[0137] Referring to FIG. 19, a display device 1300 in-
cludes a display panel 1310, a first lens 1321, a second
lens 1322, and a third lens 1323.

[0138] The display panel 1310 may be any one of the
display panels 100, 200, 300, 400, and 500 of the above-
described embodiments.

[0139] Thefirstlens 1321 projects the firstlight L1 cor-
responding to a first primary color image output from a
first subpixel array 1311 of the display panel 1310 onto
a screen S.

[0140] The second lens 1322 projects the second light
L2 corresponding to a second primary color image output
from a second subpixel array 1312 of the display panel
1310 onto the screen S.

[0141] The third lens 1323 projects the third light L3
corresponding to a third primary color image output from
a third subpixel array 1313 of the display panel 1310 onto
the screen S.

[0142] The first lens 1321, the second lens 1322, and
the third lens 1323 are optical members that project the
first light L1, the second light L2, and the third line L3
which are emitted from the display panel 1310 to overlap
on one screen S and may be understood as specific ex-
amples of a combining optical system.

[0143] The first primary color image, the second pri-
mary color image, and the third primary color image are
projected to overlap the screen S by the first lens 1321,
the second lens 1322, and the third lens 1323, and thus,
a full-color image may be formed on the screen S. For
example, the first subpixel array 1311 forms a red image,
the third subpixel array 1312 forms a green image, and
the third subpixel array 1313 forms a blue image, and
the red image, the green image, and the blue image may
overlap on the screen S by the firstlens 1321, the second
lens 1322, and the third lens 1323 to be combined into
one full-color image.

[0144] Thedisplay panel and the electronic device em-
ploying the display panel described above are described
with reference to the disclosure shown in the drawings
for better understanding, but the embodiments are only
examples and it would be understood by one of ordinary

10

15

20

25

30

35

40

45

50

55

13

skill in the art that various modifications and equivalent
embodiments are possible therefrom. Therefore, the true
technical protection scope of the disclosure should be
determined by the appended claims.

Claims
1. A display panel comprising:

a substrate (110);

a first subpixel array (121) comprising first sub-
pixels (131) arranged in a first region (R1) on
the substrate (110) and forming a first primary
color image;

a second subpixel array (122) comprising sec-
ond subpixels (132) arranged in a second region
(R2) on the substrate 110 and forming a second
primary color image; and

a third subpixel array (123) comprising third sub-
pixels (133) arranged in a third region (R3) on
the substrate 110 and forming a third primary
color image,

wherein the first region (R1), the second region
(R2), and the third region (R3) are configured to
be spatially separated and neighboring side by
side on a same surface of the substrate (110),
and

the first subpixels (131), the second subpixels
(132), and the third subpixels (133) are grouped
by a same primary color and respectively pat-
terned as the first subpixel array (121), the sec-
ond subpixel array (122), and the third subpixel
array (123) in the first region (R1), the second
region (R2), and the third region (R3), respec-
tively.

2. The display panel of claim 1, wherein
an interval between the first subpixel array and the
second subpixel array and an interval between the
second subpixel array and the third subpixel array
are same as pitches of the first subpixels, the second
subpixels, and the third subpixels.

3. The display panel of claim 1, wherein
a first interval between the first subpixel array and
the second subpixel array and a second interval be-
tween the second subpixel array and the third sub-
pixel array are greater than pitches of the first sub-
pixels, the second subpixels, and the third subpixels.

4. Thedisplay panelofanyone of claims 1to 3, wherein

each of the first subpixels includes at least one
first primary color light-emitting element,

each of the second subpixels includes at least
one second primary color light-emitting element,
and
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each of the third subpixels includes at least one
third primary color light-emitting element.

The display panel of claim 4, wherein

the first primary color light-emitting element, the sec-
ond primary color light-emitting element, and the
third primary color light-emitting element are a red
micro-light emitting diode (LED) element, a green
micro-LED element, and a blue micro-LED element,
respectively.

The display panel of claim 4, wherein

the first primary color light-emitting element in-
cludes an excitation light micro-LED element
and a first primary color conversion layer pro-
vided on the excitation light micro-LED element,
absorbing excitation light emitted from the exci-
tation light micro-LED element, and emitting
light of a first primary color, and

the second primary color light-emitting element
includes an excitation light micro-LED element
and a second primary color conversion layer
provided on the excitation light micro-LED ele-
ment, absorbing excitation light emitted from the
excitation light micro-LED element, and emitting
light of a second primary color.

The display panel of claim 6, wherein

the excitation light is blue light,

the first primary color conversion layer includes
first quantum dots absorbing the blue light and
emitting red light, and

the second primary color conversion layer in-
cludes second quantum dots absorbing the blue
light and emitting green light.

The display panel of claim 7, wherein

the first primary color conversion layer includes a
plurality of first quantum dot layers with different first
quantum dot densities.

The display panel of claim 8, wherein

among the plurality of first quantum dot layers, a first
quantum dot density of an upper layer is less than a
first quantum dot density of an upper layer.

10. The display panel of claim 6, wherein

the excitation light is ultraviolet light,

the third primary color light-emitting element in-
cludes an ultraviolet light micro-LED element
and a third primary color conversion layer pro-
vided on the ultraviolet light micro-LED element,
absorbing ultraviolet light emitted from the ultra-
violetlight micro-LED element, and emitting blue
light.
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The display panel of claim 10, wherein

the third primary color conversion layer includes third
quantum dots absorbing the ultravioletlight and emit-
ting the blue light.

The display panel of claim 6, wherein

the first primary color light-emitting element further
includes a first dichroic mirror layer provided on the
first primary color conversion layer and reflecting ex-
citation light passing through the first primary color
conversion layer to the first primary color conversion
layer.

The display panel of claim 12, wherein

the first primary color light-emitting element further
includes a second dichroic mirror layer provided be-
tween the excitation light micro-LED element and
the first primary color conversion layer and reflecting
light of a first primary color converted by the first pri-
mary color conversion layer and directed toward the
excitation light micro-LED element to the first primary
color conversion layer.

The display panel of any one of claims 4 to 13, where-
in

reflective partitions are provided between the first
primary color light-emitting element, the second pri-
mary color light-emitting element, and the third pri-
mary color light-emitting element.

A display device comprising:

a display panel of any one of claims 1 to 14; and
a combining optical system configured to com-
bine a first light corresponding to a first primary
color image output from a first subpixel array of
the display panel, a second light corresponding
to a second primary color image output from a
second subpixel array of the display panel, and
athird light corresponding to a third primary color
image output from a third subpixel array of the
display panel.
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